Introduction
The Antarctic First Regional Observing Study of the Troposphere (FROST) is an international project of extensive data collection and analysis poleward of 50øS latitude covering three 1-month-long special observing periods (SOPs) in 1994 and 1995 [Bromwich and Smith, 1993; Turner et al., 1996] . The primary purpose of FROST is to verify current Antarctic analyses and model forecasts. In support of this program, an evaluation of the historical proficiency of the operational numerical analyses is conducted using Antarctic rawinsonde, ship, and automatic weather station (AWS) data. Numerical analyses have been viewed as a potentially valuable tool for atmospheric study [e.g., Trenberth and Olson, 1988a] . This is particularly true of high southern latitudes, where the scarcity of data Brown and Zeng [1994] have derived cyclone surface pressures over data sparse oceanic regions using a planetary boundary layer model incorporating ERS 1 scatterometer data for 1992 and have made comparisons with the ECMWF and NCEP analyses. Most storms in the southern hemisphere were resolved by both analyses, although the scatterometer derivation generally yielded more detailed and stronger storms. The derived southern hemisphere minimum pressures were found to be on average 3 hPa lower than the ECMWF, with similar results for NCEP. Genthon and Braun [1995] evaluated the ECMWF model used for the analyses over Greenland and Antarctica for 1985-1991 and concluded that the analysis and predictions "are in good agreement with available observations." Only two fields, surface temperature and precipitation, are presented however, and precipitation comparisons only utilize long-term averages at manned stations, while station observations are not employed in the surface temperature validation. In summary, the five studies noted above generally show an evolution in the analyses over time and a preference for the ECMWF analyses for atmospheric study of the southern hemisphere. They also indicate that the suitability of the analyses is highly dependent upon the application for which the analyses are utilized. In this context, three areas of interest are apparent: (1) whether the available data are being fully utilized by the analyses, (2) the relation of deficiencies to geographical location, or to particular variables, and (3) the significant data trends. [Bromwich, 1989] , the force of the wind may at times be sufficient to render structural damage to the unit. The aerovane coupling is also vulnerable to rime or ice buildup in winter months. A significant number of AWS units are deployed in the socalled "dog house" configuration and do not measure wind speed or direction, as oceanic island sites often get quickly buried in snow and ice. It is likely that AWS pressure and perhaps temperature reports only are used by the operational weather forecasting centers. This would appear to be reasonable given the potential error and the question of local versus synoptic scales. Some significant issues arise in the computation of the analysis values for comparison with observations. While interpolation of four grid points is sufficient for locations of smooth topography such as the interior of the continent, it often results in large height differences between the station elevation and the analysis model. The problem is confused by the false topography utilized for the analysis models, referred to as "envelope" topography by ECMWF and "silhouette" topography used by NCEP prior to 1992, and is further compounded by changes made to model resolution, which in turn results in variations in the model elevation over time. Trenberth [1992] Unlike the pressure comparison the NCEP analysis is found to be superior for a significant number of observations, generally during summer months. As was mentioned previously, this seasonality is in part an artifact of the NCEP boundary layer temperature product, which is affected by the Antarctic inversion.
Surface and Boundary Layer Evaluation
Correlations with temperature observations average 0.5 for both analyses but may be considerably more or less. There are similar trends indicating analyses improvements to those found with surface pressure. In • Tables 1 and 2 show typical RMS errors for temperature to be 1 o to 3øC for all levels and find the NCEP analyses to be somewhat superior to the ECMWF for middle levels of the troposphere after 1987. Figure 21 Table 1 As an analog to the S.A. Agulhas, results are presented for three ship cruises of the R/V Nathaniel B. Palmer [Jeffries, 1994] Comparisons again show substantial agreement, despite the substantial conventional data void. Comparisons of pressure, temperature, relative humidity, and wind fields find the ECMWF to be in substantial agreement with the observational data, with the NCEP analyses also in adequate agreement.
RMS errors in winds found in
Although the ECMWF analyses appear to be remarkably consistent over the time period examined, this study highlights the hazards of using operational analyses for climatic study. A preliminary investigation of the NCEP reanalysis product shows improvement over the corresponding operational fields including the near-surface temperature; however, there are several caveats. An error was incurred during the assimilation of PAOBs (paid observations) data (E. Kalnay, personal communication, 1996) , which are southern hemisphere point estimates of sea level pressure obtained from manually analyzed charts [Seaman et al., 1993] It is hoped that this is only a temporary trend and will eventually reverse. Data scarcity and the loss and/or appearance of observational sites places additional priorities on the availability of satellite data and the NWP models for proper data assimilation. The evaluation of the global models used in the data assimilation will be addressed as part of the FROST exercise, and this may shed light on some of the deficiencies identified here.
